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© Liquid crystal display device. 

© A polarizer (2) is arranged on the incident side of 
a TN type liquid crystal cell (1) in which the arrange- 
ment of liquid crystal molecules is twist-aligned 
through substantially 90' in a direction from one 
substrate (8) to the opposite substrate (11) and the 
value of a product An c «d c of a refractive index 
anisotropy An c and a gap d c is set within a range of 
300 to 600 nm, and an analyzer (3) is arranged on 
the exit side of the liquid crystal celL A twist-aligned 
retardation plate (4), in which the arrangement of 
polymer molecules is twist-aligned through 90 • in a 
direction opposite to the twist direction of the twist 
orientation of the liquid crystal molecules and the 
value of An«d ranges between 100 and 600 nm, is 
arranged between the liquid crystal cell and the 
analyzer. 
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Liquid crystal display device 



The present invention relates to a liquid crystal 
display device in which a twist-aligned retardation 
plate is arranged with a liquid crystal cell using a 
nematic liquid crystal. 

Liquid crystal display devices are extensively 
used as displays for office automation equipments. 
Such a display device is required to provide a 
high-definition display and hence requires a large 
number of pixels and high time-division driving, 
and also requires, as display characteristics, a high 
contrast and a wide view angle. To meet these 
requirements, as display devices for personal com- 
puters and the like, a simple matrix type STN 
(super twisted nematic) liquid crystal display de- 
vice or an active matrix type TFT-TN (thin film 
transistor-twisted nematic) liquid crystal display de- 
vice, which can be driven in a high time-division 
manner and has a relatively high contrast among 
other liquid crystal display devices, is generally 
used. 

The simple matrix type STN liquid crystal dis- 
play device comprises a pair of substrates ar- 
ranged to oppose each other with a predetermined 
distance between them, electrodes arranged on the 
opposing inner surfaces of the pair of substrates 
such that they cross each other at a right angle, 
orientation films formed to cover the electrode for- 
mation surfaces to orient liquid crystal molecules in 
a predetermined direction, a liquid crystal material 
sealed between these orientation films, and a pair 
of polarizing plates arranged outside the pair of 
substrates so as to sandwich them. In the liquid 
crystal material sealed between the pair of orienta- 
tion films, liquid crystal molecules near the orienta- 
tion films are arranged in a predetermined orienta- 
tion direction by the orientation control force of the 
orientation films; that is, the arrangement of the 
liquid crystal molecules is twist-aligned at an angle 
around "240* in a direction from one substrate to 
the other. 

The active matrix type TFT-TN liquid crystal 
display device comprises a twisted nematic (TN) 
liquid crystal cell. That is, a common electrode is 
formed on one substrate, and scan lines and signal 
lines are formed to cross each other on the other 
substrate. A pixel electrode and a thin-film transis- 
tor (TFT) for driving are arranged at each intersec- 
tion of these lines. A liquid crystal material in which 
the arrangement of liquid crystal molecules is twist- 
aligned at an angle of approximately 80* to 120* 
is sealed between the pair of substrates. 

These liquid crystal display devices are driven 
in a time-division driving manner, changing the 
orientation of liquid crystal molecules in accor- 
dance with an electric field applied between the 
opposing electrodes, and controlling transmission 



and interruption of light by the optical action of the 
liquid crystal layer sandwiched between the pair of 
polarizing plates, thereby presenting a desired dis- 
play. 

s In the STN liquid crystal display device, how- 

ever, the twist angle of the arrangement of liquid 
crystal molecules is increased to allow high time- 
division driving, and the effect of birefringence of 
liquid crystal is used to increase the visual con- 

/o trast, resulting in a problem of coloring of a display. 
In addition, the viewing angle is not sufficiently 
wide, and displayed colors change depending on 
the visual angle. ~ 

The TFT-TN liquid crystal display device, on 

;s the other hand, can be driven by applying a static 
voltage to each pixel and therefore has a higher 
contrast and a wider viewing angle than those of 
the simple matrix type liquid crystal display device. 
In displaying halftones in a multi-gradation-level 

20 display, however, the reversal of brightness occurs 
depending on the visual angle, disturbing the multi- 
gradation-level display. 

Figs. 1A to 1D show equi-Y value (value of 
brightness) curves for four gradation levels in a 

25 conventional TFT-TN liquid crystal display device. 
In a liquid crystal cell of this liquid crystal display 
device, the arrangement of liquid crystal molecules 
is twist-aligned counterclockwise through 90* in 
the direction of propagation of light, a product 

30 An c »d c of a refractive index anisotropy An c and a 
gap d c is 403 nm, a ratio dc/p c of the gap d c to a 
natural pitch p c is 0.05, and a pretilt angle is 3 * . 
Voltages for realizing the four gradation levels are a 
bright-state voltage of 1 .5 V, a dark-state voltage of 

35 6.0 V, and two halftone voltages which correspond 
to two intermediate Y values obtained by equally 
dividing the Y value upon application of 1.5 V into 
three portions; that is, in the ascending order of 
voltage, first-gradation-level voltage V1 = 1.50 [V], 

40 second-gradation-level voltage V2 = 2.06 [V], 
third-gradation-level voltage V3 = 2.43 [V], and 
fourth-gradation-level voltage V4 = 6.0 [V]. Refer- 
ring to Figs. 1A to 1D, concentric circles represent 
visual angles tilted by 10*, 20', 30 \ 40*, and 

45 50 * , from the inside, with respect to the direction 
of normal to the substrates of the liquid crystal 
display device. A closed square (■) represents a Y 
value of 10, an open square (□) represents a Y 
value of 20, and a closed triangle (a) represents a 

so Y value of 30. An arrow R indicates the orientation 
direction on the substrate on the light incident side 
of a liquid crystal cell. The azimuth of the display 
surface is represented by an angle (to be referred 
to as an angle of azimuth hereinafter) measured 

55 about the center of the display surface with refer- 
ence to the light-incident side orientation direction 
R. As an example, the angle of azimuth in the 
upward direction on the display surface is 135*. As 



2 



3 



EP 0 576 931 A2 



4 



is apparent from Figs. 1A to 1D, the upper portion 
is bright, and the lower portion is dark, at any 
gradation-level voltage. 

Figs. 2A to 2C illustrate equi-contrast curves 
(Y1/Y2, Y2/Y3, and Y3/Y4) each obtained by the Y 
value ratio of neighboring gradation levels. Refer- 
ring to Figs. 2A to 2C, concentric circles represent 
visual angles tilted by 10'. 20 \ 30', 40*. and 
50 * , from the inside, with respect to the direction 
of normal to the substrates of the liquid crystal 
display device. A closed circle (•) represents a 
contrast of 1 or less, a closed square (■) repre- 
sents a contrast of 10, an open square (□) repre- 
sents a contrast of 20, a closed triangle (a) repre- 
sents a Y value of 50, and an open triangle (A) 
represents a contrast of 100. As can been seen 
from Figs. 2B and 2C, regions (hatched portions in 
Figs. 2B and 2C, which will be referred to as 
halftone reversal regions hereinafter) with a con- 
trast of 1 or less appear between the second and 
the third gradation levels and between the third and 
the fourth gradation levels. The halftone reversal 
region in the upper portion of Fig. 2B is produced 
because the third gradation level is brighter than 
the second gradation level. The halftone reversal 
regions in the lower right and left portions of Fig. 
2C are produced because a leakage of light occurs 
at the fourth-gradation-level voltage. This reversal 
of brightness in a halftone display disturbs a cor- 
rect gradation display and hence is a serious prob- 
lem of the liquid crystal display device. 

It is an object of the present invention to pro- 
vide a liquid crystal display device which is im- 
proved in terms of display coloration, and capable 
of correctly displaying halftones regardless of the 
visual angle by preventing the reversal of bright- 
ness in a multi-gradation-level display. 

In order to achieve the above object, a liquid 
crystal display device of the present invention com- 
prises a pair of substrates having surfaces which 
oppose each other and on which electrodes cross- 
ing each other and orientation films covering the 
electrodes and having undergone orientation pro- 
cessing in predetermined directions are formed, a 
nematic liquid crystal layer which is present be- 
tween the orientation films and in which the ar- 
rangement of liquid crystal molecules is twist- 
aligned within a predetermined range of angles in a 
direction from one substrate to the other, a pair of 
polarizing plates arranged outside the pair of sub- 
strates to sandwich the substrates, and at least one 
twist-aligned retardation plate which is arranged 
between the pair of polarizing plates and in which 
the arrangement of polymer molecules is twist- 
aligned over a predetermined range of angles in a 
direction from one surface to the other. With the 
above arrangement of the liquid crystal 



display device, the twist-aligned retardation 
plate compensates for the differences in retardation 
between light components with different 
wavelengths contained in light transmitted through 
5 the liquid crystal cell and the differences in retarda- 
tion between light components transmitted perpen- 
dicularly and obliquely through the liquid crystal 
ceil, thereby improving coloring in a display. This 
can also suppress the reversal of brightness in 
w displaying halftones in a multi-gradation-level dis- 
play. As a result, a correct gradation can be stably 
displayed in a gradation display regardless of the 
visual angle. 

In the above liquid crystal display device, the 
is nematic liquid crystal layer is either a twisted 
nematic (to be referred to as TN hereinafter) liquid 
crystal layer has the arrangement of twist-aligned 
liquid crystal molecules, the twist angle of which is 
about 80 to 120 degrees or a super twisted 
20 nematic (to be referred to as STN hereinafter) 
liquid crystal layer has the arrangement of twist- 
aligned liquid crystal molecules, the twist angle of 
which is about 220 to 260 degrees. 

When the nematic liquid crystal layer is the TN 
25 liquid crystal layer, the product An*d of a refractive 
index anisotoropy An and a plate thickness d of the 
twist-aligned retardation plate is either positive or 
negative. 

When a twist-aligned retardation plate with a 

30 positive An*d is to be used, a twist-aligned re- 
tardation plate of a horizontal orientation type in 
which polymer molecules are arranged substan- 
tially parallel to the surface of the plate and the 
arrangement of the polymer molecules is twist- 

35 aligned by a predetermined angle in a direction 
from one surface to the other is used. The An* 6 of 
this plate preferably ranges between 50 and 600 
nm. In this case, one or two of these twist-aligned 
retardation plates are arranged between a pair of 

40 polarizing plates. When a single twist-aligned re- 
tardation plate is to be used, it is preferred that the 
arrangement of molecules be twist-aligned in a 
direction opposite to the twist direction of the twist 
orientation of the liquid crystal layer at substantially 

45 the same angle, 80 to 120 degrees. When two 
twist-aligned retardation plates are to be used, the 
arrangement of molecules in one twist-aligned re- 
tardation plate is twist-aligned in substantially the 
same direction as the twist direction of the twist 

so orientation of the nematic liquid crystal layer at 
substantially the same angle, whereas the arrange- 
ment of molecules in the other twist-aligned re- 
tardation plate is twist-aligned in a direction op- 
posite to the twist direction of the twist orientation 
55 of the nematic liquid crystal layer at substantially 
the same angle. When two twist-aligned retardation 
plates are to be used, both the plates may be 
arranged between the liquid crystal cell and one of 
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the polarizing plates, or they may be arranged one 
on each side of the liquid crystal cell. 

When a twist-aligned retardation plate with a 
negative An»d is to be used, this phase plate may 
be either a twist-aligned retardation plate of a hori- 
zontal orientation type as described above or a 
twist-aligned retardation plate of a tilted orientation 
type in which polymer molecules are tilted with 
respect to the surface of the phase plate and the 
arrangement of the polymer molecules is twist- 
aligned at a predetermined angle in a direction 
from one surface to the other. 

When a twist-aligned retardation plate having a 
negative An*d and a horizontal molecular orienta- 
tion is to be used, it is preferable to use a twist- 
aligned retardation plate in which a product AN»d 
of an effective refractive index anisotropy AN which 
is given by: 

AN = n Q - V{(n e * + n 0 <)/2} 

and a plate thickness d is -30 to -600 nm and the 
twist angle of the twisT orientation of molecules is 
five turns (360 • x 5 = 1 ,800 * ) or more. When a 
twist-aligned retardation plate with a tilted molecu- 
lar orientation is to be used, a product An»d of a 
refractive index anisotropy An and a plate thick- 
ness d is preferably -300 to -600 nm. 

When the nematic liquid crystal layer is the 
STN liquid crystal layer, on the other hand, a 
product An c *d c of a refractive index anisotropy An c 
and a layer thickness d c preferably ranges from 
700 to 800 nm. A twist-aligned retardation plate to 
be arranged in such a liquid crystal cell is prefer- 
ably one having a value of An»d that is 0.9 to 0.95 
times the value of An c *d c of the nematic liquid 
crystal layer or one in which the arrangement of 
molecules is twist-aligned in a direction opposite to 
that of the twist orientation of the nematic liquid 
crystal layer at substantially the same twist angle. 

In addition, the liquid crystal display device of 
the present invention employs a twist-aligned re- 
tardation plate in which the arrangement of polymer 
molecules is twist-aligned in a direction opposite to 
that of the twist orientation of the nematic liquid 
crystal layer at substantially the same angle, re- 
gardless of whether the nematic liquid crystal is of 
the TN or STN type. 

Furthermore, the liquid crystal display device 
of the present invention uses at least one twist- 
aligned retardation plate in which polymer mol- 
ecules are arranged nearly perpendicularly with 
respect to the surface of the plate and the arrange- 
ment of the polymer molecules is twist-aligned 
over a predetermined range of angles in a direction 
from one surface to the other, regardless of wheth- 
er the nematic liquid crystal is of the TN or STN 
type. 



This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

5 Figs. 1A, 1B, 1C, and 1D are views showing 

equi-Y value curves at voltages of four gradation 
levels in a conventional liquid crystal display 
device; 

Figs. 2A, 2B, and 2C are views showing equi- 
/o contrast curves representing contrasts between 
voltages of adjacent gradation levels shown in 
the equi-Y value curves in the conventional liq- 
uid crystal display device shown in Figs. 1A to 
1D; 

75 Fig. 3 is a sectional view showing a liquid cry- 
stal display device according to the first embodi- 
ment of the present invention; 
Fig. 4 is an exploded perspective view showing 
the liquid crystal display device of the first em- 

20 bodiment shown in Fig. 3; 

Fig. 5 is a sectional view showing a liquid cry- 
stal display device according to the second em- 
bodiment of the present invention; 
Fig. 6 is an exploded perspective view showing 

25 the liquid crystal display device of the second 
embodiment shown in Fig. 5; 
Fig. 7 is a sectional view showing a liquid cry- 
stal display device according to the third em- 
bodiment of the present invention; 

30 Fig. 8 is an exploded perspective view showing 
the liquid crystal display device of the third 
embodiment shown in Fig. 7; 
Fig. 9 is a sectional view showing a liquid cry- 
stal display device according to the fourth em- 

35 bodiment of the present invention; 

Fig. 10 is an exploded perspective view showing 
the liquid crystal display device of the fourth 
embodiment shown in Fig. 9; 
Fig. 11 is a schematic sectional view showing 

40 the structure of a twist-aligned retardation plate 
used in the fourth embodiment; 
Fig. 12 is a sectional view showing a liquid 
crystal display device according to the fifth em- 
bodiment of the present invention; 

45 Fig. 13 is an exploded perspective view showing 
the liquid crystal display device of the fifth em- 
bodiment shown in Fig. 12; 
Fig. 14 is a schematic sectional view showing 
the structure of a twist-aligned retardation plate 

so used in the fifth embodiment; 

Fig. 15 is a sectional view showing a liquid 
crystal display device according to the sixth 
embodiment of the present invention; and 
Fig. 16 is an exploded perspective view showing 

55 the liquid crystal display device of the sixth 
embodiment shown in Fig. 15. 
The embodiments of the present invention will 
be described in detail below with reference to Figs. 
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3 to 16. 

[1st Embodiment] 

In the first embodiment of the present inven- 
tion, a single twist-aligned retardation plate with a 
positive product An^d of a refractive index an- 
isotropy An and a thickness d is arranged on one 
side of a liquid crystal cell. Tigs. 3 and 4 are a 
sectional view and an exploded perspective view, 
respectively, showing the arrangement of the first 
embodiment. Referring to Figs. 3 and 4, a polarizer 
2 is arranged on the incident side of a twisted 
nematic type liquid crystal cell 1 , and an analyzer 3 
is arranged on the exit side of the liquid crystal cell 
1. A twist-aligned retardation plate 4 in which the 
arrangement of molecules is twist-aligned in the 
same manner as the twisted nematic type liquid 
crystal layer is arranged between the liquid crystal 
cell 1 and the analyzer 3. 

The liquid crystal cell 1 comprises a lower 
substrate 8, an upper substrate 11, a seal member 
12, and a liquid crystal material 13. The lower 
substrate 8 has pixel electrodes 5, thin-film transis- 
tors (TFT) 6 formed in a one-to-one correspon- 
dence with the pixel electrodes 5, and an orienta- 
tion film 7 covering the pixel electrodes 5 and the 
TFTs 6. The upper substrate 1 1 has counter elec- 
trodes 9 opposing the pixel electrodes 5 and an 
orientation film 10 covering the counter electrodes 
9. The seal member 12 couples the lower and 
upper substrates 8 and 11 with a predetermined 
space between them. The liquid crystal material 13 
is sealed in a region surrounded by the substrates 
8 and 11 and the seal member 12 and has a ratio 
d/p of a gap d to a natural pitch p of 0.05. Note 
that light is incident on the tiquid crystal cell 1 from 
below in the plane of the paper, so the lower and 
upper substrates 8 and 11 will be referred to as an 
incident-side substrate and an exit-side substrate, 
respectively, hereinafter. 

The orientation films 7 and 10 formed on the 
opposing surfaces of the incident-side and exit-side 
substrates 8 and 11, respectively, are subjected to 
orientation processing, such as rubbing. As shown 
in Fig. 4 f the orientation film 7 on the incident-side 
substrate 8 is oriented in a direction 7a with a tilt 
angle of about 45* in a direction from the upper 
left to the lower right position with respect to the 
horizontal line when the liquid crystal cell 1 is 
viewed from the front. The orientation film 10 on 
the exit-side substrate 11 opposing the incident- 
side substrate 8 is oriented in a direction 10a which 
is rotated counterclockwise through nearly 90*. 
when viewed from the exit side, with respect to the 
orientation direction 7a (to be referred to as an 
incident-side orientation direction hereinafter) of the 
incident-side substrate 8. As a result of this orienta- 



tion processing, the arrangement of tiquid crystal 
molecules of the liquid crystal material 13 is twist- 
aligned clockwise through substantially 90* (d) 
when viewed from the exit side and have a pretilt 

5 angle of about 3* . The value of a product An*d of 
a gap d and a refractive index anisotropy An of the 
liquid crystal cell 1 is set between 300 and 600 nm 
(measurement wavelength: 589 nm). 

The polarizer 2 is arranged such that its trans- 

w mission axis 2a is nearly perpendicular to the 
incident-side orientation direction 7a of the liquid 
crystal cell 1. The analyzer 3 is arranged such that 
its transmission axis 3a is nearly perpendicular to 
the transmission axis 2a of the polarizer 2. 

;s The twist-aligned retardation plate 4 consists of 

a polymer material, and the arrangement of the 
polymer molecules is twist-aligned in the same 
manner as the twisted nematic type liquid crystal 
layer. That is, the polymer molecules constituting 

20 the twist-aligned retardation plate 4 are oriented 
substantially parallel with respect to one surface 
while gradually changing the major-axis direction 
toward the opposite surface. As a result, the ar- 
rangement of the polymer molecules is twist-. 

25 aligned over a predetermined range of angles as a 
whole. 

The twist-aligned retardation plate 4 of this 
embodiment consists of an organic polymer film 
and has a structure in which, for example, a poly- 
30 mer liquid crystal film (liquid crystal polymer) is 
sandwiched between protective films consisting of 
cellulose triacetate (TAG) or the like. A twist angle 
4i of molecules of the twist-aligned retardation 
plate 4 is set within the range of 0 • to £360 * C in a 
35 twist direction opposite to that of the twist angle <f> 
of the liquid molecules in the liquid crystal material 
13 at substantially the same angle. That is. the 
twist angle <fn of the twist-aligned retardation plate 
4 of this embodiment is -90° (<fn = -<£)* when 
40 viewed from the light-exit side. In addition, the 
value of a product An*d of a refractive index 
anisotropy An and a gap d of the twist-aligned 
retardation plate 4 ranges between 50 and 600 nm, 
preferably 100 and 600 nm (measurement 
45 wavelength: 589 nm). 

In the TN type liquid crystal display device 
with the above arrangement, the twist-aligned re- 
tardation plate 4 in which the arrangement of the 
molecules is twist-aligned in a direction opposite to 
so the twist direction of the liquid crystal molecules of 
the liquid crystal material 13 at the same angle of 
90* is arranged between the liquid crystal cell 1 
and the analyzer 3. Therefore, this twist-aligned 
retardation plate 4 compensates for the differences 
55 in retardation between light components transmit- 
ted perpendicularly and obliquely through the liquid 
crystal cell 1, suppressing the reversal of bright- 
ness in halftones in a multi-gradation-level display. 



5 



9 



EP 0 576 931 A2 



10 



Consequently, a correct gradation can be stably 
displayed in the multi-gradation-leve! display re- 
gardless of the visual angle. In addition, the twist- 
aligned retardation plate 4 has the structure in 
which the polymer liquid crystal film that is twist- 
aligned over the range of 0" to ±360* is sand- 
wiched between the protective films. This facilitates 
the manufacture of the twist-aligned retardation 
plate and can also decrease the thickness of the 
plate, thereby achieving miniaturization of the over- 
all liquid crystal display device. 

Note that although the twist-aligned retardation 
plate 4 is arranged between the liquid crystal cell 1 
and the analyzer 3 in this embodiment, the twist- 
aligned retardation plate 4 can also be arranged 
between the liquid crystal cell 1 and the polarizer 
2. Note also that the transmission axis 2a of the 
polarizer 2 is set perpendicularly to the incident- 
side orientation direction 7a, but the transmission 
axis 2a can also be set parallel to the incident-side 
orientation direction 7a. 

[2nd Embodiment] 

In the second embodiment of the present in- 
vention, two twist-aligned retardation plates both 
having positive An»d values are arranged on one 
side of a liquid crystal cell. Note that in the second 
and the subsequent embodiments, the same refer- 
ence numerals as in the first embodiment denote 
the same parts and a detailed description thereof 
will be omitted. 

Figs. 5 and 6 are a sectional view and an 
exploded perspective view, respectively, showing a 
liquid crystal display device according to the sec- 
ond embodiment. In this liquid crystal display de- 
vice. • similar to that of the first embodiment, a 
polarizer 2 is arranged on the incident side of a 
liquid crystal cell 1, and an analyzer 3 is arranged 
on the exit side of the liquid crystal cell 1. Two 
twist-aligned retardation plates 14 and 15 are ar- 
ranged between the liquid crystal cell 1 and the 
analyzer 3 in the order named. 

As shown in Fig. 6, the first twist-aligned re- 
tardation plate 14 adjacent to the liquid crystal cell 
1 consists of an organic polymer film in which the 
arrangement of molecules is twist-aligned by about 
90' (<t»2 = ~<t> = -90') in a direction opposite to 
the twist direction of the twist orientation of liquid 
crystal molecules of a liquid crystal material 13. 
For example, the first twist-aligned retardation plate 
14 has a structure in which a polymer liquid crystal 
film (liquid crystal polymer) is sandwiched between 
protective films consisting of cellulose triacetate 
(TAC) or the like. In the second twist-aligned re- 
tardation plate 15 adjacent to the analyser 3, the 
arrangement of molecules is twist-aligned by about 
90* (<>3 = -6 2 = 90*) in a direction, opposite to 



the twist direction of the twist orientation of the 
molecules in the first twist-aligned retardation plate 
14, i.e., in the same direction as the twist direction 
of the twist orientation of the liquid crystal mol- 
5 ecules. Similar to the first twist-aligned retardation 
plate 14, the second twist-aligned retardation plate 

15 has a structure in which a polymer liquid crystal 
film (liquid crystal polymer) is sandwiched between 
protective films consisting of cellulose triacetate 

w (TAC) or the like. In this arrangement, a major-axis 
direction 14a of the molecules on the exit-side 
surface of the first twist-aligned retardation plate 14 
and a major-axis direction 15a of the molecules on. 
the incident-side surface of the second twist- 

15 aligned retardation plate 15 are so set as to cross 
each other at an almost right angle. The value of 
An*d of each of the twist-aligned retardation plates 
14 and 15 is set within a range of 100 to 600 nm 
(measurement wavelength: 589 nm). 

20 In this liquid crystal display device with the 

above arrangement, as in the first embodiment, the 
first and second twist-aligned retardation plates 14 
and 15 arranged between the liquid crystal cell 1 
and the analyzer 3 compensate for the differences 

25 in retardation between light components transmit- 
ted perpendicularly and obliquely through the liquid 
crystal cell 1. This can suppress the reversal of 
brightness in halftones in a multi-gradation-level 
display and thereby makes it possible to stably 

30 display a correct gradation in the multi-gradation- 
level display even if the visual angle changes. 

Note that although the first and second twist- 
aligned retardation plates 14 and 15 have opposite 
twist directions and the same twist angle in twist 

35 orientation of molecules in the above second em- 
bodiment, the twist angles need not be the same 
but may be different. 

[3rd Embodiment] 

40 

In the third embodiment of the present inven- 
tion, two twist-aligned retardation plates both hav- 
ing positive An*d values are arranged one on each 
side of a liquid crystal cell 1. 

45 Figs. 7 and 8 are a sectional view and an 

exploded perspective view, respectively, showing a 
liquid crystal display device according to the third 
embodiment. In this liquid crystal display device, a 
polarizer 2 is arranged on the incident side of a 

so twisted nematic type liquid crystal cell 1, and an 
analyser 3 is arranged on the exit side of the liquid 
crystal cell 1. A first twist-aligned retardation plate. 

16 is arranged between the liquid crystal cell 1 and 
the polarizer 2, and a second twist-aligned retarda- 

55 tion plate 17 is arranged between the liquid crystal 
cell 1 and the analyzer 3, 

Referring to Fig. 8, the first twist-aligned re- 
tardation plate 16 arranged on the light-incident 
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side consists of an organic polymer film in which 
the arrangement of molecules is twist-aligned by 
90* (4>* = ~<t> ~ -90') in a direction opposite to 
the twist direction of liquid crystal molecules of a 
liquid crystal material 13. For example, the first 
twist-aligned retardation plate 16 has a structure in 
which a polymer liquid crystal film (liquid crystal 
polymer) is sandwiched between protective films 
consisting of cellulose triacetate (TAC) or the tike. 
In this first twist-aligned retardation plate 16, a 
product An*d of a refractive index anisotropy An 
and a gap d ranges from 50 to 600 nm, preferably 
100 to 600 nm (measurement wavelength: 589 
nm). 

The second twist-aligned retardation plate 17 
on the light-exit side consists of an organic poly- 
mer film in which the arrangement of molecules is 
twist-aligned by 90* (<f> 5 = -<f>* = 90') in the 
same direction as the twist direction of the liquid 
crystal molecules of the liquid crystal material 13. 
Similar to the first twist-aligned retardation plate 16, 
the second phase plate 17 has a structure in which 
a polymer liquid crystal film (liquid crystal polymer) 
is sandwiched between protective films consisting 
of cellulose triacetate (TAC) or the like. In this 
second twist-aligned retardation plate 17, as in the 
first twist-aligned retardation plate 16, a product 
An*d of a refractive index anisotropy An and a gap 
d ranges between 50 and 600 nm, preferably 100 
and 600 nm (measurement wavelength: 589 nm). 

In this TN type liquid crystal display device 
with the above arrangement, the first and second 
twist-aligned retardation plates 16 and 17 are ar- 
ranged between the liquid crystal cell 1 and the 
polarizer 2 and between the liquid crystal cell 1 
and the analyser 3, respectively, and therefore 
compensate for the differences in retardation be- 
tween light components transmitted perpendicularly 
and obliquely through the liquid crystal cell 1. This 
can suppress the reversal of brightness in halftones 
in a multi-gradation-level display and can therefore 
stably display a correct gradation in the multi- 
gradation-level display even if the visual angle 
changes. In addition, each of the twist-aligned re- 
tardation plates 16 and 17 has the structure in 
which a polymer liquid crystal film in which the 
arrangement of molecules is twist-aligned over the 
range of 0 • to ±360 * is sandwiched between pro- 
tective films. This facilitates the manufacture of the 
twist-aligned retardation plate and can also de- 
crease the thickness of the plate, thereby achieving 
miniaturization of the overall liquid crystal display 
device. 

Note that although the first and second twist- 
aligned retardation plates 16 and 17 have the same 
twist angle in twist orientation of molecules in the 
above third embodiment, the twist angles need not 
be the same but may be different. Note also that a 



transmission axis 2a of the polarizer 2 is set per- 
pendicularly to an incident-side orientation direction 
7a, but the transmission axis 2a can also be set 
parallel to the incident-side orientation direction 7a. 

5 

[4th Embodiment] 

In the fourth embodiment of the present inven- 
tion, a twist-aligned retardation plate with a nega- 

w tive An»d value is arranged in the structure of the 
first embodiment. 

Figs. 9 and 10 are a sectional view and an 
exploded perspective view, respectively, showing a 
liquid crystal display device according to the fourth 

is embodiment. In this liquid crystal display device, a 
polarizer 2 is arranged on the incident side of a 
twisted nematic type liquid crystal cell 1 having the 
same arrangement as the first embodiment, and an 
analyzer 3 is arranged on the exit side of the liquid 

20 crystal cell 1. A twist-aligned retardation plate 18 is 
arranged between the liquid crystal cell 1 and the 
analyzer 3. 

As shown in Fig. 11, the twist-aligned retarda- 
tion plate 18 consists of an organic polymer film, in. 

25 which molecules 18a are twist-aligned, and has a 
structure in which, for example, a polymer liquid 
crystal film (liquid crystal polymer) is sandwiched 
between protective films 18b consisting of cellulose 
triacetate (TAC) or the like. The molecules 18a of 

30 this twist-aligned retardation plate 18 are twist- 
aligned by five turns or more, preferably 10 to 15 
turns, and the twist angle of this twist orientation is 
t(d/ p ) x 360" assuming that the thickness of the 
twist-aligned retardation plate 18 is d and the twist 

35 pitch is p. When the molecules are~oriented while 
twisted by five turns, the twist angle is 360" x 5 = 
1,800 v The value of an effective refractive index 
anisotropy AN of the twist-aligned retardation plate 
18 is set negative. That is, assuming that the 

40 refractive index of the twist-aligned retardation 
plate 18 with respect to extraordinary rays is n e 
and its refractive index with respect to ordinary 
rays is n 0 , the effective refractive index anisotropy 
AN of the twist-aligned retardation plate 18 is re- 

45 presented by: 

AN = n G - +" 0) 

When the twist pitch p is sufficiently smaller 
so than a wavelength X of incident light, AN in Equa- 
tion (1) above is negative. In the twist-aligned re- 
tardation plate 18 of this embodiment, the twist 
pitch p is set to be smaller than 1/5 the wavelength 
at thelower limit of a visible light band, and so AN 
55 is negative. In addition, the value of a product 
AN*d of the effective refractive index anisotropy 
AN and a thickness d of the twist-aligned retarda- 
tion plate 18 is set within a range of -30 to -600 nm 
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(measurement wavelength: 589 nm). 

It is also necessary to prevent coloring in the 
twist-aligned retardation plate 18 which is caused 
due to selective reflection of incident light, and the 
condition for achieving this purpose is represented 
by Inequality (2) below. In this case, the range of 
the wavelength X of visible light is between 0.4 and 
0.7 urn. Therefore, assuming that the average re- 
fractive index of the twist-aligned retardation plate 
18 is n av , the twist pitch p of the twist-aligned 
retardation plate 18 must satisfy: 

p < (0.4/n av ) or p > (0.7/n av ) (2) 
for n av = (n e + n 0 )/2 

In order to prevent coloring derived from selective 
reflection of incident light, the twist pitch p of the 
twist-aligned retardation plate 18 is so set as to 
satisfy the condition p < (0.4/n av ) in Inequality (2), 

In the TN type liquid crystal display device 
with the above arrangement, the twist-aligned re- 
tardation plate 18 meeting the above condition is 
arranged between the liquid crystal cell 1 and the 
analyser 3 and therefore cancels out the differ- 
ences in retardation between light components 
transmitted perpendicularly and obliquely through 
the liquid crystal cell 1. This can suppress the 
reversal of brightness in halftones in a multi- 
gradation-level display and therefore can stably 
display a correct gradation in the multi-gradation- 
level display even if the visual angle changes. In 
this case, since the twist pitch p of the twist-aligned 
retardation plate 18 is sufficiently smaller than the 
wavelength X of incident light, the value of the 
effective refractive index anisotropy AN of the 
twist-aligned retardation plate 18 is negative. Since 
the twist pitch p of the twist-aligned retardation 
plate 18 is also smaller than (0.4/n av ) urn, coloring 
in the twist-aligned retardation plate 18 which is 
caused due to selective reflection of incident light 
can be prevented, and this further improves the 
display quality in the multi-gradation-level display. 
Furthermore, the twist-aligned retardation plate 18 
has the structure in which a polymer liquid crystal 
film in which the arrangement of molecules is twist- 
aligned by about 10 to 15 turns is sandwiched 
between protective films. This facilitates the manu- 
facture of the twist-aligned retardation plate and 
can also decrease the thickness of the plate, there- 
by achieving miniaturization of the overall liquid 
crystal display device. 

Note that although a transmission axis 2a of 
the polarizer 2 is set perpendicularly to an incident- 
side orientation direction 7a in the above embodi- 
ment, the transmission axis 2a can also be set 
parallel to the incident-side orientation direction 7a. 
Note also that the twist-aligned retardation plate 18 
is arranged between the liquid crystal cell 1 and 



the analyzer 3, but the twist-aligned retardation 
plate 18 can also be arranged between the liquid 
crystal cell 1 and the polarizer 2. 

5 [5th Embodiment] 

In the fifth embodiment of the present inven- 
tion, a twist-aligned retardation plate in which An«d 
is negative and molecules are oriented nearly per- 

w pendicularly with respect to the surface of the plate 
is arranged in the structure of the first embodiment. 

Figs. 12 and 13 are a sectional view and an 
exploded perspective view, respectively, showing a 
liquid crystal display device according to the fifth 

75 embodiment. A polarizer 2 constituted by a linear 
polarizing plate is arranged on the light-incident 
side of a twisted nematic type liquid crystal cell 1 
having the same arrangement as the first embodi- 
ment, and an analyser 3 also constituted by a 

20 linear polarizing plate is arranged on the light-exit 
side of the liquid crystal cell 1. A twist-aligned 
retardation plate 19 is arranged between the liquid 
crystal cell 1 and the analyzer 3. 

As schematically shown in Fig. 14, the twist- 

25 aligned retardation plate 19 consists of an organic 
polymer film in which molecules 19a are oriented 
while twisted by a plurality of turns in a state close 
to a homeotropic state with a pretilt angle $ of 
about 90* (d < 90*). For example, the twist- 

30 aligned retardation plate 19 has a structure in 
which a polymer liquid crystal film (liquid crystal 
polymer) L f is sandwiched between protective films 
19b consisting of cellulose triacetate (TAC) or the 
like. Since the molecules are oriented while twisted 

35 by a plurality of turns, the value of An*d of this 
twist-aligned retardation plate 19 is negative (-). 
The other arrangement is the same t as the first 
embodiment. 

In the TN type liquid crystal display device 

40 with the above arrangement, the twist-aligned re- 
tardation plate 19 is arranged between the liquid 
crystal cell 1 and the analyzer 3 and therefore 
cancels out the differences in retardation between 
light components transmitted perpendicularly and 

45 obliquely through the liquid crystal cell 1. This can 
suppress the reversal of brightness in a halftone 
display and can therefore stably display a correct 
gradation even if the visual angle changes. In par- 
ticular, since the molecules of the twist-aligned 

so retardation plate 19 are oriented in a substantially 
homeotropic state in this embodiment, the differ- 
ences in retardation in a dark-state display can be 
compensated for more reliably, preventing a leak- 
age of light. This improves the contrast to result in 

55 better viewing angle characteristics. In addition, as 
shown in Fig. 14, the twist-aligned retardation plate 
19 has the structure in which the polymer liquid 
crystal film L, in which the pretilt angle & of the 
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molecules 19a is approximately 90* is sandwiched 
between the protective films 19b. This facilitates 
the manufacture of the twist-aligned retardation 
plate 19 and can also decrease the thickness of the 
plate, thereby achieving miniaturization of the over- 
all liquid crystal display device. 

Note that although a transmission axis 2a of 
the polarizer 2 is set perpendicularly to an incident- 
side orientation direction 7a in the above embodi- 
ment, the transmission axis 2a can also be set 
parallel to the incident-side orientation direction 7a. 
Note also that the twist-aligned retardation plate 19 
is arranged between the liquid crystal cell 1 and 
the analyzer 3. but the twist-aligned retardation 
plate 19 can also be arranged between the liquid 
crystal cell 1 and the polarizer 2. 

[6th Embodiment] 

In the sixth embodiment of the present inven- 
tion, a twist-aligned retardation plate is arranged 
together with an STN liquid crystal display device. 

Figs. 15 and 16. are a sectional view and an 
exploded perspective view, respectively, showing a 
liquid crystal display device according to the sixth 
embodiment. Referring to Figs. 15 and 16, a liquid 
crystal cell 21 comprises a lower substrate 24, an 
upper substrate 27, a seal member 28, and a liquid 
crystal material 29. The lower substrate 24 has 
electrodes 22 and an orientation film 23 covering 
these electrodes 22. The upper substrate 27 has 
counter electrodes 25 arranged to cross the etec- 
trodes~22 and an orientation film 26 covering the 
electrodes 25. The seal member 28 couples the 
lower and upper substrates 24 and 27 with a pre- 
determined space between them. The liquid crystal 
material 29 is sealed in a region surrounded by the 
substrates 24 and 27 and the seal member 28. 

A lower polarizing plate 30 constituted by a 
linear polarizing plate is arranged below the lower 
substrate 24, and a reflecting plate 31 is arranged 
below the lower polarizing plate 30. An upper po- 
larizing plate 32 also constituted by a linear polariz- 
ing plate is arranged above the upper substrate 27. 
A twist-aligned retardation plate 33 is arranged 
between the upper substrate 27 and the upper 
polarizing plate 32. 

The orientation films 23 and 26 formed on the 
opposing surfaces of the lower and upper sub- 
strates 24 and 27, respectively, are subjected to 
orientation processing, such as rubbing. That is, as 
shown in Fig. 16, the orientation film 23 of the 
lower substrate 24 is oriented in a direction 23a 
with a tilt angle of about 30' in a direction from the 
upper right to the lower left position with respect to 
the horizontal line when the liquid crystal cell 21 is 
viewed from the front. The orientation film 26 of the 
upper substrate 27 opposing the lower substrate 24 



is oriented in a direction 26a which is rotated 
clockwise through 60' with respect to the orienta- 
tion direction 23a of the lower substrate 24. With 
this orientation processing, the arrangement of liq- 

5 uid crystal molecules of the liquid crystal material 
29 is twist-aligned counterclockwise through 240* 
(<t>) in a direction from the lower substrate 24 to the 
upper substrate 27. The value of a product An c *d c 
of a gap d c and a refractive index anisotropy An c of 

;o the liquid crystal cell 21 is set within the range of 
700 to 900 nm (measurement wavelength: 589 
nm). 

A transmission axis 30a of the lower polarizing 
plate 30 is set in a direction which is rotated 

is counterclockwise through 140* ±5(a) with respect 
to the orientation direction 23a on the side of the 
lower substrate. A transmission axis 32a of the 
upper polarizing plate 32 is set in a direction which 
crosses the orientation direction 23a at an angle of 

20 55* ±10 («). That is, the transmission axis 32a of 
the upper polarizing plate 32 is set in a direction 
which is rotated clockwise through 85* from the 
transmission axis 30a of the lower polarizing plate 
30. 

25 The twist-aligned retardation plate 33 consists 

of an organic polymer film in which the arrange- 
ment of molecules is twist-aligned by 240* (-240*) 
in a direction opposite to the twist direction of the 
twist orientation of the liquid crystal molecules in 
30 the liquid crystal material 29. For example, the 
twist-aligned retardation plate 33 has a structure in 
which a polymer liquid crystal film (liquid crystal 
polymer) is sandwiched between protective films 
consisting of cellulose triacetate (TAC) or the like. 
35 The value of a product An-d of a refractive index 
anisotropy An and a thickness d of the twist- 
aligned retardation plate 33 is within the range of 
0.9 to 0.95 times the value of the An c *d c of the 
liquid crystal cell 21. The twist-aligned retardation 
40 plate 33 is arranged in a way which forms an angle 
of 90* between the orientation direction 26a on the 
side of the upper substrate of the liquid crystal cell 
21 and a major-axis direction 33a of molecules on 
the surface of the twist-aligned retardation plate 33 
45 adjacent to the upper substrate 27. 

In the STN liquid crystal display device with 
the above arrangement, when light incident from 
the above and transmitted through the upper po- 
larizing plate 32 is incident on and transmitted 
so through the twist-aligned retardation plate 33, dif- 
ferences are produced between retardations of light 
components having different wavelengths by the 
twist-aligned retardation plate 33. However, these 
differences between retardations produced by the 
55 twist-aligned retardation plate 33 are canceled out 
when the light is incident on and transmitted 
through the liquid crystal cell 21. The consequent 
light is transmitted through the lower polarizing 
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plate 30 and reflected by the reflecting plate 31. 
This reflected light is again transmitted upward 
through the lower polarizing plate 30 and produces 
differences between retardations of light compo- 
nents having different wavelengths when incident 
on and transmitted through the liquid crystal cell 
21. These differences between retardations of light 
components having different wavelengths produced 
by the liquid crystal cell 21 are canceled out when 
the light is incident on and transmitted through the 
twist-aligned retardation plate 33. The resulting 
light is transmitted through the upper polarizing 
plate 32, so no coloring occurs in a display. - 

In this embodiment as described above, the 
twist-aligned retardation plate 33 in which the ar- 
rangement of molecules is twist-aligned at an angle 
of -240' is arranged between the STN liquid cry- 
stal cell 21. in which the liquid crystal material 29 
is twist-aligned at an angle of 240*, and the upper 
polarizing plate 32. Therefore, the twist-aligned re- 
tardation plate 33 can almost compensate for the 
differences between retardations of light compo- 
nents having different wavelengths produced when 
light is transmitted through the liquid crystal cell 
21, eliminating coloring in display. In this case, 
since the value of An c -d c of the liquid crystal cell 
21 is 700 to 900 nm and so the value of An-d of 
the twist-aligned retardation plate 33 is 0.9 to 0.95 
times the An c »d c value of the liquid crystal cell 21, 
the twist-aligned retardation plate 33 can sufficient- 
ly compensate for the differences between retarda- 
tions of light components having different 
wavelengths produced by the liquid crystal cell 21 . 
In addition, the twist-aligned retardation plate 33 
has the structure in which a polymer liquid crystal 
film in which the arrangement of molecules is twist- 
aligned at an angle of -240* is sandwiched be- 
tween protective films. Therefore, the twist-aligned 
retardation plate can be manufactured easily and 
its thickness can be decreased. This improves the 
light transmittance and thereby increasing the con- 
trast, and also promoting miniaturization of the 
overall liquid crystal display device. Furthermore, 
the color compensating effect can be further en- 
hanced by setting an angle of 90' between the 
orientation direction 26a of the orientation film 26 of 
the upper substrate 27 of the liquid crystal cell 21 
and the major-axis direction 33a of molecules of 
the twist-aligned retardation plate 33 adjacent to 
the upper substrate 27. 

Note that although the twist-aligned retardation 
plate 33 is arranged between the liquid crystal cell 
21 and the upper polarizing plate 32 in the above 
embodiment, the twist-aligned retardation plate 33 
can also be arranged between the liquid crystal cell 
21 and the lower polarizing plate 30. Note also that 
the present invention is applied to the reflecting 
liquid crystal display device in the above embodi- 



ment, but the invention is also applicable to a 
transmission liquid crystal display device. The 
present invention can also be applied to a color 
liquid crystal display device as well as a black-and- 
5 white liquid crystal display device. 

Claims 

1. A liquid crystal display device characterized by 

w comprising: 

a pair of substrates (8, 11, 24, 27) having 
surfaces which oppose each other and on 
which electrodes (5, 9, 22. 25) crossing each 
other and orientation films (7. 10. 23, 26) cov- 

75 ering said electrodes and having undergone 

orientation processing in predetermined direc- 
tions are formed; 

a nematic liquid crystal layer (13, 29) 
which is present between said orientation films 

20 and in which the arrangement of liquid crystal 

molecules is twist-aligned within a predeter- 
mined range of angles in a direction from one 
substrate to the other; 

a pair of polarizing plates (2, 3, 30, 32) 

25 arranged outside said pair of substrates to 

sandwich said substrates; and 

at least one twist-aligned retardation plate 
(4, 14, 15, 16, 17, 19, 30, 33) which is ar- 
ranged between said pair of polarizing plates 

30 and in which the arrangement of polymer mol- 

ecules is twist-aligned over a predetermined 
range of angles in a direction from one surface 
to the other. 

35 2. A liquid crystal display device according to 
claim 1, characterized in that said nematic 
liquid crystal layer has the arrangement of the 
molecules, a twist angle of which is 80* to 
100°, and a refractive index anisotropy An c 

40 and a layer thickness d € , a product An c »d c of 

which is 300 to 600 nm. 

3. A liquid crystal display device according to 
claim 1 or 2, characterized in that a product 

45 An -d of a refractive index anisotropy An and a 

plate thickness d of said twist-aligned retarda- 
tion plate is positive. 

4. A liquid crystal display device according to 
so claim 1, 2, or 3, characterized in that the 

polymer molecules constituting said twist- 
aligned retardation plate are arranged parallel 
to each surface and the arrangement of the 
polymer molecules is twist-aligned in a direc- 
55 tion from one surface to the other. 

5. A liquid crystal display device according to 
any one of claims 1 to 4, characterized in that 
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one of said twist-aligned retardation plate is 
arranged, and the arrangement of molecules of 
said twist-aligned retardation plate is twist- 
aligned through 80 • to 120* in a direction 
opposite to the twist direction of said nematic 
liquid crystal layer. 

6. A liquid crystal display device according to 
any one of claims 1 to 4, characterized in that 
two of said twist-aligned retardation plates are 
arranged, the arrangement of molecules of one 
of said twist-aligned retardation plates is twist- 
aligned through 80 • to 120* in a direction 
opposite to the twist direction of said nematic 
liquid crystal layer, and the arrangement of 
molecules of the other one of said twist-aligned 
retardation plates is twist-aligned through 80* 
to 120* in the same direction as the twist 
direction of said nematic liquid crystal layer. 

7. A liquid crystal display device according to 
claim 1 or 2, characterized in that said twist- 
aligned retardation plate has a refractive index 
anisotropy An and a plate thickness d, a prod- 
uct An«d of which is negative. 

8. A liquid crystal display device according to 
claim 1, 2. or 7, characterized in that the 
polymer molecules constituting said twist- 
aligned retardation plate are arranged parallel 
to one surface and the arrangement of the 
polymer molecules is twist-aligned in a direc- 
tion from one surface to the other, and in said 
twist-aligned retardation plate, a product AN»d 
of an effective refractive index anisotropy AN 
given by: 

AN = n c - V{(rV + rV)/2} 

and a plate thickness d is -30 to -600 nm, and 
the molecules are twisted not less than five 
turns. 



and a layer thickness d c , a product An c *d c of 
which is 700 to 800 nm. 
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9. A liquid crystal display device according to 
claim 1, 2, or 7, characterized in that the 45 
polymer molecules constituting said twist- 
aligned retardation plate are tilted with respect 

to the surface of said plate and the arrange- 
ment of the polymer molecules is twist-aligned 
in a direction from one surface to the other, so 
and the product An*d of said twist-aligned 
retardation plate is -300 to -600 nm. 

10. A liquid crystal display device according to 
claim 1, characterized in that said nematic 55 
liquid crystal layer has the arrangement of the 
molecules, a twist angle of which is 220* to 
260* and a refractive index anisotropy An c 
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